Abstract: Can self-assessments of health reveal the true health differentials between "rich" and "poor"? The potential sources of bias include psychological adaptation to ill-health, socioeconomic covariates of health reporting errors and income measurement errors. We propose an estimation method to reduce the bias, by isolating the component of self-assessed health that is explicable in terms of objective health indicators and allowing for broader dimensions of economic welfare than captured by current incomes. On applying our method to survey data for Russia we find a pronounced (nonlinear) economic gradient in health status that is not evident in the raw data. This is largely attributable to the health effects of age, education and location.
Introduction
The economic gradient in health status -the extent to which poorer people tend to be less healthy -has been of long-standing interest in health policy discussions and the social sciences more generally. 2 An important strand of the literature has used data on self-assessed health (SAH) to study the socioeconomic covariates of health status, including its economic gradient. Respondents assess their overall health on (typically) a five-point scale from "very good" to "very bad" and the responses are combined with data on incomes or expenditures for the same individuals to estimate the gradient, possibly with controls. Using SAH data for the US, Smith (1999) found income and wealth gradients, though dampened at high incomes. Also using data for the US, Case et al. (2002) found an income gradient in children's SAH (as rated by a parent). Currie et al. (2004) also report an economic gradient in adult assessments of children's SAH in England, although the gradient appears to be smaller than in the US. Kunst et al., (1995) report economic gradients in SAH for eight developed countries.
How reliable are SAH data? A number of studies have reported that people with specific ailments tend to report lower SAH than people in good health. Idler and Benyamini (1997) review research indicating that answers to the SAH question help predict subsequent mortality.
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On the basis of such evidence, Franzini et al., (2005, 789) claim that: "Twenty years of empirical evidence indicates that SAH is a powerful and reliable predictor of clinical outcomes and mortality." Others have taken a more critical view of SAH data, arguing that responses on SAH are influenced by various emotional, psychological and knowledge-dependent factors.
Amartya Sen's critique of self-reported morbidity data has been influential: 2 Using micro data, economic gradients in health status have been reported by Marmot et al. (1991) , Pappas et al., (1993) , Sorlie et al. (1995) , Mackenbach et al. (1997) , Adams et al. (2003) , Deaton (2003) , Finch (2004) . An economic gradient in health indicators is also found across countries; see, for example, Preston (1980) , Anand and Ravallion (1993) , Pritchett and Summers (1996) and Deaton (2003) . "People's perception of illness varies with what they are used to, and also with their medical knowledge. In places where medical care is widespread and good, people often have higher perception of morbidity, even though they may be in much better general health. …In contrast, a population that has little experience of medical care, and which has widespread health problems as a standard condition of existence, can have very low perception of being medically ill." (Sen, 1998, p.18) A number of studies have emphasized the potential for reporting errors (Butler, et al., 1987; Kerkhofs and Lindboom, 1995; Groot, 2000) . The work of Butler et al. (1987) should warn users of SAH data against assuming that the measurement errors (relative to objective health status) are uncorrelated with the socioeconomic characteristics of respondents. Groot's (2000) results are suggestive of psychological adaptation to declining health. Adaptation has also been used to explain the gap found between the SAH of sick people and those who are asked to rate their health as if they were sick (Menzel et al., 2002) . Recognizing the potential for reporting biases, Thomas and Frankenberg (2000) recommend that surveys should combine questions on SAH with more objective indicators of health status.
What does all this mean for estimates of the economic gradient based on SAH data? Even if we accept that SAH contains health-relevant information, adaptive behaviors to poor health and correlated differences in economic circumstances and health knowledge can generate nonignorable measurement errors, by which we mean errors that are correlated with income or other socioeconomic controls such as education. For example, poorer people may tend to think they are healthier than they really are, such that standard methods of regressing SAH on income will underestimate the true economic gradient in health.
There are also longstanding concerns about how well current incomes reveal the true gradient in health. Even using high quality surveys (in which an income aggregate is built up from many detailed questions), current incomes are unlikely to reflect well either past or expected future incomes, which are likely to matter to current health. Expenditure on current consumption may do a better job in this respect, but will still be an imperfect welfare indicator given that inter-temporal markets do not work perfectly. There are also uncertainties about how best to normalize for heterogeneity in consumption needs, such as stemming from demographic differences between households (Pollak, 1991) . 4 And even if we had an ideal measure of average economic welfare for a household, health status is an individual attribute, which will depend directly on personal economic welfare. Individual income is a flawed metric of individual command over commodities given some degree of income pooling within households.
And household expenditure may well be equally flawed as an indicator of individual economic welfare given that pooling is almost certainly incomplete.
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In short, heterogeneity in relevant individual and household circumstances, intertemporal consumption smoothing and inter-personal income sharing may entail that neither measured current income nor consumption are particularly good proxies for economic welfare, as relevant to health. This too will lead one to underestimate the true economic gradient in health using the methods commonly found in the literature.
This paper proposes a method of estimating the economic gradient in health status that is likely to be more robust to non-ignorable errors in SAH data and the measurement errors in data on incomes or expenditures. The essential idea is to use largely independent covariates of both SAH and perceived economic welfare to attempt to purge the raw data of the non-ignorable errors, prior to testing for the economic gradient in health status. To calibrate a broader measure of economic welfare we draw on subjective data, though recognizing that this too contains measurement errors when used as an indicator of objective economic welfare. Our estimation 4
For example, the poverty lines used as deflators may not correctly weight differences in household size or demographic composition.
It is instructive that, in the same setting, Ravallion and Loskhin (2001) find evidence that many "non-income" factors at the individual and household levels impinge on perceived economic welfare in Russia at given current incomes or expenditures on consumption deflated by standard poverty lines. method essentially generalizes the idea of an instrumental variables estimator to a situation in which the dependent variable contains non-ignorable errors.
We illustrate the method using high-quality socioeconomic survey data for Russia in 2002. We first show that applying standard methods from past research to these data suggests little sign of an economic gradient in the self-assessed health of Russian adults. This might not be too surprising if one was talking about Russia some 20 years earlier, at which time it might be argued that a reasonably well-funded universal health care system meant that the quality of health care varied little with income. However, the lack of a gradient in data for Russia around 2000 is surprising. Worsening public health services, increasing reliance on the market for health care, and rising poverty and inequality, would lead one to expect an emerging economic gradient in health status. Psychological adaptation to the stresses of the economic transition and health crisis could well entail that the structure of errors in SAH data for Russia hides the true gradient. One can expect that it will be the poor who are least able to protect their health care during Russia's health crisis, and they may well adapt to the situation by downplaying the health risks they are facing, at least for some time. Then the true economic gradient will be attenuated in the raw data on SAH. It may well be difficult to identify the gradient in this setting by standard empirical methods, casting doubt on numerous claims found in the literature.
6
Applying our preferred estimation method, we show that much stronger signs of the gradient emerge from a more nuanced empirical model -emphasizing non-income factors relevant to perceived economic welfare at the micro level, and allowing for heterogeneity in SAH data. This model reveals a marked tendency for the poorest to be less healthy, with dampened health gains as economic welfare rises. In short, while there is little or no income effect evident 6 For example, Gavrilova et al. (2002) and Brainerd and Cutler (2005) argue that the "psychosocial stresses" of the transition in Russia are a more important cause of the health crisis than poverty; however, the same (unobserved) stresses may well make it hard to identify the importance of poverty.
in the raw data on SAH, we find that the deterministic component of SAH has a marked gradient with respect to a broader concept of economic welfare in which the role of "non-income" factors is identified using self-assessments of economic welfare. We also show that this (unconditional) gradient is largely attributable to other covariates of health, notably age and education; our preferred estimation method reveals only a small conditional gradient in health.
Biases and methods
We want to see how health status (H) varies with economic welfare (W) but we do not observe H and W directly. We must rely on proxies for each variable, entailing measurement errors. In the literature (referred to in the introduction), the proxy for H is self-assessed health (SAH) while for W it is "income" (Y). The measurement errors may well be uncorrelated with H and W, although we need not assume that this is so; in particular, we can readily allow the measurement error in Y to be positively correlated with W, as would happen if there is intertemporal variability of incomes that can be at least partly smoothed through savings or borrowing to make economic welfare less variable. We also allow the possibility that the measurement error in SAH is correlated with Y.
There will be two sources of bias in estimating the economic gradient of health by regressing SAH on Y (with or without controls). The first is the well-known attenuation bias that arises when a regressor is measured with error. The existence of a positive correlation between the measurement error and actual economic welfare, due to inter-temporal smoothing behavior, will strengthen the standard attenuation bias due to classical measurement errors in a regressor.
The second source of bias is intrinsic to the use of subjective data. It stems from the fact that the errors in using self-assessed health to indicate actual health status are unlikely to be statistically ignorable ("white noise"), but rather will be correlated with incomes and other observables (Butler et al., 1987) . To see more clearly what is involved, it is convenient for expository purposes to confine attention to a linear model: 
The two sources of bias discussed above are the attenuation bias stemming from the fact that 
. We then have:
As usual, W π can be replaced by consistent estimates, W πˆ from the first-stage regression:
Identification requires that there is at least one variable in
This 2SLS method eliminates the attenuation bias (since
ε no longer appears in the composite error term), but the second source of bias remains (given that H i ε still appears there).
To address this bias, we simply subtract
ε from both sides of (4) so that the dependent variables becomes the deterministic component of SAH, i.e., we re-write (4) as:
This is estimated by regressing
The above formulation makes a number of simplifying assumptions that we will relax in our empirical work. We shall allow for nonlinearity in the economic gradient of health using both non-parametric and more conventional nonlinear parametric methods. For the nonparametric regressions we use locally smoothed scatter plots (Fan, 1992) , as programmed in STATA. To allow for control variables we also use a Partial Linear Model (PLM). This treats the SAH as a smooth but unknown function of real expenditure with the control variables entering linearly in parameters. 7 We use the STATA program for estimating the PLM written by Lokshin (2006) . While this method allows a relatively flexible representation of the income effect, it has the disadvantage that it ignores the fact that our dependent variables come in the form of ordinal qualitative variables for which it cannot be assumed that the difference between (say) "very good" and "good" is the same in terms of health status as the difference between "good" and "average". To address this concern, we follow past work in the literature in interpreting the answers to the subjective health question as an ordinal, categorical, summary of unobserved true health status, which is assumed to be a continuous variable that is determined by a vector of specific health attributes and an i.i.d. error term. In modeling the income effect on health we include a cubic function of real expenditure. Assuming level comparability of SAH (conditional on covariates) across persons and that the error term is normally distributed we can use an Ordered Probit (OP) to model the responses. We estimate similar models for SAW, where the latent continuous variable is interpreted as individual utility. We will allow for level noncomparability of subjective scales by adding controls for likely socio-economic covariates of reporting bias, following Thomas and Frankenberg (2000) . We also allow for a latent individual effect using panel data, though this requires modifications to the econometric specification, for which we use the method of Ravallion and Lokshin (2001) .
Our use of objective indicators of economic welfare, based on household expenditures and personal incomes, as regressors raises concerns about their possible endogeneity. The most likely way this could happen appears to be through work effort, based on the argument that latent 7
The parameters on the control variables are estimated by first ordering the data in terms of real expenditures and then taking differences to eliminate the nonparametric sub-function; then one runs a nonparametric regression of the SAH scores net of the controls on real expenditure. (We used Fan regressions for the nonparametric function.) For a review of PLMs and related topics see Yatchew (1998). determinants of SAH influence work effort and hence personal incomes. To help alleviate these concerns we estimate regressions in which personal income is dropped. We also test sensitivity to dropping the labor force activity variables, given the endogeneity concerns.
Setting and data
Russia experienced a severe deterioration in overall health status in the 1990s -dubbed a "health crisis" by Field (1995) . Male life expectancy fell from 65 years in 1988 to 59 years in 2001, while for women it fell from 74 years to 72 years (Heleniak, 2002) . 8 This was in a period of overall economic contraction and rising inequality (Lokshin and Popkin, 1999) , the latter stemming in large part from the diverse labor market outcomes of the period (Milanovic, 1999) .
There is also evidence of considerable "churning" in living standards, with both gainers and losers at any given level of living (Lokshin and Ravallion, 2000) . There are many ways these economic changes could impinge on health. Deteriorating public health services, combined with reduced purchasing power over private health inputs, can be expected to take a toll on health status, and probably more so for the poor. Other channels include the psychosocial stresses of the transition from a time (prior to 1989) in which there was relatively little economic insecurity at the individual level to a period of much uncertainty. New opportunities emerged, but so did new stresses on individuals, who naturally had different abilities to respond to those opportunities (Gavrilova et al., 2002; Brainerd and Cutler, 2005) . 9 Using a nationally representative survey for Russia in 1995, Cockerham (2000) found no statistically significant 8 Field (1995) reports a number of other signs of worsening health in the early 1990s. Further evidence and (sometimes differing) interpretations of Russia's "health crisis" can be found in Ellman (1994) , DaVanzo and Adamson (1997) and Brainerd and Cutler (2005) . 9 This has also been a theme of the literature on socio-economic inequalities in health; Wilkinson (1996) argues that inequality generates health-impairing stresses. Also see the critical assessments of this view in Elstad (1998) , Lynch et al., (2000) and Deaton (2003) .
income gradient in the SAH of adults, although he did find that SAH tends to be higher for men, to fall with age, to rise with education and to be higher for the employed. We find that 16.5% of adults rated their health as "very bad" or "bad;" this was true of 20.0% of women and 11.7% for men. Men rate their overall health higher than women. However, this is not reflected in some other health indicators. Women tend to live much longer: in 2001, male life expectancy was 59 years, versus 72 for women (Heleniak, 2002) . And Russian men tend to have worse "health lifestyles" (higher alcohol consumption, smoking more, fattier diets). 11 The gender difference in SAH appears to reflect a psychological difference.
The 2002 survey included questions on functional abilities, specific ailments and recent disease histories. The questions covered the level of difficulty incurred in performing various physical activities (running, walking, lifting, crouching etc), weight, height, reported ailments (problems in chest, lungs, liver and so on) and diseases diagnosed (diabetic, heart attack,
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The RLMS data are obtainable from: http://www.cpc.unc.edu/projects/rlms/rlms home.html.
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See Cockerham (2000) . Also see the gender differences in vital statistics for Russia reported DaVanzo and Adamson (1997) and Brainerd and Cutler (2005). hypertension, stroke etc). (The questions on functional ability were only asked of pensioners in 2000, although all adults were asked these questions in 2002.)
We use both objective and subjective measures of economic welfare. The RLMS includes a wide range of socioeconomic characteristics including consumption expenditures and incomes (which included imputed values for consumption and income in kind). Our main objective welfare indicator is total household expenditure normalized by date and region-specific poverty lines, interpreted as cost-of-living deflators. We use established poverty lines for Russia.
We also use data on incomes which have the advantage that they are individual-specific.
However, we recognize that these widely used income-based metrics give an incomplete picture of economic welfare, as discussed in section 2. We follow a strand of the literature in economics that has employed subjective assessments of economic welfare as extra identifying information.
12 The RLMS includes the following question on self-assessed (economic) welfare (SAW) asked of each adult: "Please imagine a 9-step ladder where on the bottom, the first step, stand the poorest people, and on the highest step, the ninth, stand the rich. On which step are you today?" Being individual-specific, the answers to this question arguably give more complete information about the underlying economic welfare of that individual; SAW will naturally reflect both household resources and individual command over those resources.
However, we must also recognize that answers to this question are likely to be influenced by many factors that one might not want to include in a measure of economic welfare; personality traits, for example, can influence subjective welfare but not be deemed relevant to assessing whether a person is "poor" or not. We thus use the predicted values of SAW based on relevant covariates as the preferred welfare metric (section 2). The data on SAW establish the weights on various multiple objective dimensions of economic wellbeing.
12 Kapteyn (1994) provides an overview of this approach and antecedents in the literature. Figure 2 gives the non-parametric regression of SAH against real expenditure in 2002.
Descriptive results
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We find only a weak relationship between SAH and household expenditures. Figure 2 also includes the nonparametric regression when we use the PLM to control for individual and household characteristics (age, age-squared, education attainments, household size and demographic composition and regional dummy variables). On adding the controls, the gradient is roughly halved. A steeper gradient is found for subjective economic welfare (panel (b) in Figure 2 ). Subjective economic welfare rises as household real expenditure rises, with a marked nonlinearity evident at the lower end of the expenditure distribution; mean subjective economic welfare (conditional on expenditure) falls sharply for the poorest. Table 1 compares subjective health with subjective economic welfare in 2002. There is a positive association, with a Cramer's V statistic of 0.12, but it is clearly small. 14 Indeed, for the whole sample, the most common SAH response ("average, neither good nor bad") is invariant to SAW, although for men the conditional mode switches to "good" at high SAW. The second most common answer to the SAH question switches from "bad" to "good" as one goes from the second to the third rung of the welfare ladder. (For women the switch occurs between the third and fourth rungs, while for men it is between the first and second.) Amongst the 18% of Russian adults who placed themselves on two lowest rungs of the SAW ladder, 29% rated their health as "bad" or "very bad." By contrast, only 11% of those on rungs six or higher of the SAW ladder (the upper 9%) rated their health as bad or very bad. However, the off-diagonal density in the
The contrast with similar data for the U.S. is striking. Using a very similar five-rung ladder for self-assessed health -where 5="excellent" through to 1="poor" -results reported in Case et al., (2002) imply that the mean rating for middle-aged U.S. adults rises from 2.5 for the poorest in terms of household income to about 4 for the richest. The corresponding gradient for Russians in Figure 2 is from 3.1 to about 3.4. Mean SAH is roughly "average" independently of economic welfare. 14 Cramer's V measures the correlation between two (nominal) categorical variables; the statistic varies from 0 to 1, and the higher its value the stronger the association between the two variables. data is sizeable. A majority of those who think they have poor health do not rate themselves as poor. Amongst the 17% of adults who rated their health as "very bad" or "bad," only 33% placed themselves on the lowest two rungs of the economic welfare ladder. And of the 27% of adults who rated their health as "good" or "very good," 60% put themselves on the lower four rungs of the welfare ladder. Table 2 exploits the panel structure of the RLMS to compare the changes over time in SAH with changes in SAW. This reduces the impact of any time-invariant individual effects (such as due to latent ill-health or personality traits) that jointly influence subjective health and welfare. (Although it can also reduce the signal-to-noise ratio in the presence of time-varying measurement errors or extraneous transient effects.) We find that 18% of adults in the panel thought that their health had improved, while 20% thought it had worsened. There is little difference by gender, though a slightly higher proportion of men reported that their health had worsened than did women. The panel data suggest an even lower statistical association between the two categorical variables, with an overall Cramer's V of 0.05. Of the 32% of the panel sample who felt that they had moved down the welfare ladder, 21% felt that their health had declined (by one or more categories in the SAH question). By contrast, this was true of 17% of the 38% who felt that they had risen on the SAW ladder. Changes in perceived health are almost orthogonal to changes in perceived economic welfare. This holds for both men and women.
However, we find stronger signs of the gradient for a number of the more specific health indicators in the data, as can be seen in Figure 3 . Most of the physical activity variables tend to show a deterioration at low incomes (though the causal interpretation is of course unclear). A number of the reported ailments (gastro-intestinal disorders, kidney problems, hypertension) tend to have higher incidence at middle expenditure levels. Adjusting for the other covariates has more effect in some cases than others, and the controls do change the regression function on expenditure; in a number of cases, the controls attenuate the gains at high expenditure levels, even producing an inverted-U relationship.
How well does SAH reflect objective health circumstances? We give in Table 3 the cross-sectional OP for 2002 in which we regress SAH on all measures of specific abilities and ailments reported in the survey. We included all the variables in the RLMS 2002 round that we felt could reasonably be treated as exogeneous to overall health status. These assumptions can always be questioned, and we cannot rule out the possibility that errors in the self-reporting of even truly exogeneous predictor can introduce a correlation with the error term. We decided not to include two variables that are likely to be correlated with SAH, namely whether the respondent is a smoker and alcohol consumption, on the grounds that the concern about endogeneity was too severe in these cases.
For both men and women, roughly half the variance in SAH is explicable in terms of age and the specific health attributes identified in the data set; for women a slightly higher share of the variance is explained by these variables. The signs are generally what one would expect. SAH tends to fall for both men and women over the bulk of the data. 15 Amongst the physical activity variables, the strongest predictors of SAH are ability to run, climb stairs, crouch and eat.
The effects of the physical activity variables are similar for men and women, though with generally larger coefficients for men. Body-mass index does not have a strong effect, though it does exhibit the expected inverted U shape. Most of the reported ailments and diseases have the expected signs. Particularly strong and significant effects are evident for lung problems, liver 15 The turning point for men is at age 50, while for women it is over 100 years. The relatively low turning point for men (implying that men over 50 start to perceive that their health as improving with age) could well stem from selective mortality (recalling that male life expectancy is about 60, more than 10 years lower than for women). Adaptive behavior amongst older men may also be playing a role, along the lines of Groot (2000) . problems for men, chronic gastro-intestinal (CGI) problems (particularly for men), chest pains, wearing glasses (for men) and "other problems" (men and women). Amongst the diseases recorded, the strongest predictors of overall SAH are heart attacks and high blood pressure.
We also tested two extended versions of these regressions. In the first, we included controls for socio-economic variables that could influence the structure of reporting biases in SAH or pick up omitted health attributes. We added controls for household expenditures, personal incomes, education, workforce participation, demographics and regional effects. The results are also given in Table 3 . The controls do not add much to the explained variance.
However, a number of the controls were highly significant, notably education and the regional effects; we return to discuss these later. We find that the coefficients on the specific health attributes tend to increase when we add the controls. This is most dramatic for the cluster of variables, "had surgery last year" through to "other problems" (Table 3 ). Adding the controls makes the coefficient on past surgery more negative, and it becomes significant at the 1% level.
The controls have a similar effect on the coefficients on "wearing a hearing aid" which only diminishes SAH significantly when the controls are added. By contrast, the coefficients on "feeling chest pain" and wearing glasses (for men) become insignificant when the controls are added. The overall pattern is suggestive of adaptive behavior, whereby people with worse objective health status tend to adapt by overstating their subjective health. Thus the resulting negative correlation between objective health and the error term in the SAH regressions without controls tend to bias downward the regression coefficients. The predicted values of SAH scores from Table 3 can be interpreted as a weighted mean of the various specific health indicators in our data, in which the weights are chosen to give best fit with overall health-status. (We refer to the product of the probit regression coefficients for SAH and the regressors as the "SAH score" and similarly for SAW.) Figure 4 plots this weighted mean against normalized expenditure. We find only a small positive income effect.
We assume that SAH and SAW are functions of household expenditures, respondent income and a range of individual and household socio-economic characteristics that are likely to shift preferences, budget constraints and/or health production functions. In the case of SAH, one can interpret this as a reduced form model, in which the specific health indicators in Table 3 are taken to be functions of these variables. In the case of SAW, we interpret the "non-income" covariates as proxies for two main factors: differences in "needs" at given current income and differences in past or future living standards not captured in current incomes or expenditures. Table 4 gives the OP for 2002 using as regressors a cubic polynomial of real expenditure, individual income, household size and demographic composition, age, education, unemployment and regional dummy variables. Similar results for all other variables of interest were obtained on dropping individual income and employment (given the aforementioned endogeneity concerns).
We also found evidence of lagged effects of past incomes on SAW. (Ravallion and Lokshin, 2002 , report regressions including two years lags, using an earlier round of the RLMS.)
However, given that we lose many observations, and including lagged effects did not change our main results, we confine attention here to the cross-sectional regressions for 2002.
Confirming the results of Figure 2 , and consistently with the findings of Cockerham (2000) using the 1995 RLMS, we find no sign of an income gradient in SAH controlling for other socio-economic covariates. However, a strong income effect for SAW (for both men and women) is evident in Table 4 .
We find generally more agreement between SAH and SAW in the effects of the "nonincome" variables. Both subjective variables tend to fall with age (though over the range of the data for health, and only up to around 50 years for welfare). 16 Both variables tend to be higher for adults living in larger households, though other demographic effects are in less agreement.
Education tends to raise SAH (though more so for women than men), as it does for SAW. The region with the highest SAH (controlling for our other covariates) tends to have the highest SAW, though there are discrepancies in ranking amongst other regions. The similarity in the nonincome covariates generates a strong positive correlation between the predicted values for SAH and SAW; the correlation coefficient between the estimated conditional expectations is 0.64.
There are some notable gender differences in the socio-economic covariates of health and welfare. Education has a much stronger effect on female SAH than for men, while demographic effects are stronger for men. For men, being in the workforce (either with a job or unemployed) has a strong positive effects on SAH (relative to not being in the workforce) but this effect is not evident for women. This could reflect a reporting bias whereby male leisure is seen to be more 16 It might be conjectured that the gradient is stronger for younger people, with little experience of the older regime of universal health care. This does not appear to be the case; when we added the product of age and expenditure to the regressions in Table 4 , the interaction effect was not significant. socially acceptable if it is due to ill-health. It could also reflect an endogeneity problem, whereby discouraged workers tend to be un-healthy; again one should be careful in giving these regressions a causal interpretation.
It is of interest to compare the socio-economic covariates for SAH in Table 4 with the corresponding controls for reporting bias when used in the regressions on specific health attributes (Table 3) . We give this comparison in Table 5 . Education has a much stronger effect (particularly for men) when it was used as a control variable for dealing with reporting effects than in the reduced form models in Table 4 . Better educated individuals tended to have higher SAH at given values of the specific health attributes in the survey. Demographic effects tend to be stronger in the reduced form than when used as controls. Male employment status is not significant when used as a control for reporting bias, though it is significant in the reduced form model. Regional effects are similar, however. This might suggest that the regional effects in Table 4 are largely reporting bias, though that assumes that there are no omitted regional effects on health in the regressions on specific health attributes.
We tested for lagged expenditure and income effects using the panel sub-sample. When these were added to the regressions in Table 5 they did not emerge as significant predictors, so we confined attention to the 2002 cross-section. We also tested a panel data model allowing for latent individual effects in the continuous subjective health variable, following the econometric method for modeling subjective qualitative data outlined in Ravallion and Lokshin (2001) .
Again, we found no significant effect of consumption expenditure on SAH.
Test for the gradient
We can now provide a test for the gradient that is robust to the biases in SAH data, as discussed in section 2. Figure 5 gives predicted SAH scores based solely on the health indicators from Table 3 , plotted against predicted SAW scores based on the covariates in Table 5 . (We do not use the specification with socio-economic controls to assure that our health measure is not based on the same variables as our welfare measure. The only common covariate is age.) We give the nonparametric regression with and without controls, for which we use age, age squared, education and regional dummy variables. Table 6 provides the estimates parameters on these control variables. 17 Note that the nonlinearity of the economic welfare effect implies that the usual exclusion restrictions (variables in X W but no in Z) for linear models are not required.
However, we shall assume that household demographics and employment status (unemployed or not) only affect health through their impact on economic welfare.
We focus first on the unconditional gradient. The correlation coefficient between the predicted scores of SAH and SAW is 0.46 (0.50 for women and 0.36 for men). However, a marked nonlinearity is evident in Figure 5 , with a low gradient at low values and high values; concavity is found beyond low values of SAW. Comparing the predicted scores with the relevant cut-off points in Tables 3 and 5 (as indicated in Figure 5 ), we can see that predicted SAH score rises from "average health" ("neither good nor bad") for the poorest stratum to "good health" for the richest. This is marked contrast to the unadjusted data, which essentially showed a mean SAH of "average health" independently of economic welfare. The gradient is steeper for women.
The economic gradient in health is greatly reduced when we add the control variables.
The more robust unconditional gradient that we find using our preferred estimation method appears to be largely accountable to age, education and location. From Table 6 it is clear that the effect of age is statistically important; health declines with age with a concave curvature (so that the marginal decline in health as one ages rises with age). Education and the regional effects are 17
The standard errors are calculated using bootstrap method, given that predicted values of economic welfare are used in the nonparametric sub-function. also quite strong. On testing alternative specifications for the controls we found that the gradient largely vanished if one conditioned only on age, age-squared and education.
Conclusions
We have investigated the economic gradient in health status in Russia. Echoing past research, we find that the self-assessed health of Russian adults shows very little gradient with respect to household consumption or individual income. A steeper gradient emerges between subjective health predicted on the basis of specific objective health indicators and self-rated economic welfare, conditional on largely independent covariates. The nonparametric regression of predicted subjective health scores on predicted economic welfare scores exhibits a plausible S-shape, being flat at low economic welfare, then rising steeply through the bulk of the data, and flattening out for the relatively rich. We also find that the bulk of the gradient can be attributed to a relatively small number of characteristics related to the respondent's age, education and location; the gradient largely vanishes when we add controls for these variables.
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. Has other medical problems (Table 3) as a function of predicted economic welfare based on socio-economic covariates (Table 5) 
